We examined the expression of the a subunit of the stimulatory GTP-binding protein (Gs) in fibroblasts of subjects with pseudohypoparathyroidism (PHP) type Ia by transfer blot hybridization and S1 nuclease analyses. Six subjects with PHP type Ia showed decreased steady-state content of Gs a mRNA. S1 nuclease analysis indicates that both long and short forms of Gs a mRNA are decreased, with no
Pseudohypoparathyroidism (PHP) is a genetic disorder characterized by target organ resistance to parathyroid hormone (PTH) (1) . Most subjects with PHP excrete significantly less cyclic AMP in the urine in response to PTH infusion than do normal subjects or subjects with other forms of hypoparathyroidism (2) . This form of the disease is termed PHP type I to distinguish it from a rarer form, type 11 (3) , in which urinary cyclic AMP excretion in response to PTH is normal. PHP type I has also been divided into two forms. In PHP type Ib physiognomy is normal and there is resistance only to PTH, whereas in PHP type Ia unusual physical features, collectively termed Albright's hereditary osteodystrophy, are displayed and there is resistance to multiple hormones that activate adenylate cyclase and thereby increase cyclic AMP production (4, 5) .
Adenylate cyclase is under dual regulation by stimulatory (Gs) and inhibitory (GO) guanine nucleotide-binding proteins (G proteins) (6, 7) . With rare exceptions, subjects with PHP Ia show an approximately 50% reduction in Gs activity in plasma membranes from multiple cell types (4, 5, (8) (9) (10) (11) . Since Gs is believed to couple receptors for agonists that stimulate adenylate cyclase in all cell types (6, 7) , reduction in functional Gs could play a role in resistance to multiple hormones in PHP Ia. G proteins are composed of three distinct subunits. The a subunit binds and hydrolyzes GTP, is a substrate for ADPribosylation by bacterial toxins, and confers specificity in receptor and effector interactions (6, 7). Two different forms of the Gs a protein, 45 and 52 kDa, have been characterized (12) . These different forms of Gs a protein arise from several species of mRNA (12) (13) (14) . In turn, the multiple species of mRNA appear to be products of alternative splicing of a common precursor (12, 13) .
Gs deficiency has been detected in PHP Ia both by functional assay (activation of adenylate cyclase activity in Gs-deficient mutant mouse S49 lymphoma cells, cyc-) and by cholera toxin-catalyzed labeling of plasma membrane G, a subunit with [32P]ADP-ribose (8) (9) (10) (11) 15 by cholera toxin-catalyzed ADP-ribosylation (4, 15) .
Total RNA was prepared from cultured skin fibroblasts of subjects with PHP and normal controls (18) . Ten micrograms of total RNA from each sample was fractionated by formaldehyde/agarose gel electrophoresis and transferred to nitrocellulose (19) . 32P-labeled probe was prepared to a specific activity of 4-5 x 107 Cherenkov cpm/pmol by nick-translation of gel-purified, approximately 1367-baseAbbreviations: G protein, guanine nucleotide-binding protein; G, and Gi, the stimulatory and inhibitory G proteins, respectively, associated with adenylate cyclase; PHP, pseudohypoparathyroidism; PTH, parathyroid hormone.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. 7267 pair (bp), Nco 1-HindlIl fragment of bovine cDNA. RNA was hybridized with probe (3 x 105 cpm/ml) in 50% (vol/vol) formamide/1.2 M NaCI/120 mM sodium citrate/40 mM sodium phosphate, pH 7.0/1x Denhardt's solution (0.02% bovine serum albumin/0.02% Ficoll/0.02% polyvinylpyrrolidone) containing denatured salmon sperm DNA at 250 ,4g/ml. Blots were treated with four 5-min washes of 0.6 M NaCl/60 mM sodium citrate/0.1% NaDodSO4 at room temperature and two 30-min washes of 30 mM NaCl/3 mM sodium citrate/0.1% NaDodSO4 at 500C.
Single-stranded DNA probes for S1 nuclease mapping were obtained by primer extension of a phage M13 subclone containing an EcoRI fragment of either as-1 or a,-2 cDNA.
Total RNA (7.5 ,ug) and 32P-labeled probe (3000-5000 Cherenkov cpm) were hybridized and digested with S1 nuclease as previously described (13) .
Genomic DNA was prepared from human skin fibroblasts (20) . Twenty-five micrograms of DNA per sample was digested with HindIl, Xba I, EcoRI, BamHI, Msp I, or Pst I, using conditions recommended by the supplier. Digests were fractionated through 1% agarose gels and blotted onto nitrocellulose (21) . 32P-labeled probes were prepared by nick-translation of gel-purified 413-bp (5') and 869-bp (3') EcoRI fragments of as-2 (13) . Hybridization was carried out for 16 hr at 65°C in 1.8 M NaCl/180 mM sodium citrate/5x Denhardt's solution/0.5% NaDodSO4 containing denatured salmon sperm DNA at 250 ,ug/ml, 10% dextran sulfate, and 2 x 106 cpm of [32P]DNA per ml. Blots were washed with four 5-min washes of 0.6 M NaCl/60 mM sodium citrate/0.1% NaDodSO4 at 50°C.
RESULTS
We have examined the expression of Gs a mRNA in six different subjects with PHP type Ia. Total RNA was extracted from cultured skin fibroblasts from subjects with PHP Ia and normal controls. Ten micrograms of each sample was subjected to transfer blot hybridization. A representative autoradiogram is displayed in Fig. 1 The proposal that multiple forms of Gs a result from alternative splicing (13) raises the question whether the decrease in Gs a-specific message observed in the PHP subjects represents a general decrease of all forms of Gs a or a decrease of a particular form. We performed S1 nuclease analysis of RNA from several subjects to test for possible changes in the relative amounts of the different species of Gs a RNA.
Probes used for this analysis were made from 412-and 413-bp fragments of human a,-1 and a,-2 cDNA, respectively, by primer extension. The entire cDNA portion of each probe is protected by both a,-1 and a,-2 mRNA. Under the conditions used, there is no discrimination between as-1 and as-2 mRNA. Two shorter species of Gs a mRNA, as-3 and as4 (13) , can be detected with these probes. Protected fragments corresponding to those predicted for as-3 mRNA are observed with the use of the as-1 probe. Similarly, the as-2 probe allows detection of smaller protected fragments corresponding to as-4 mRNA. By determining the ratio of short to long protected fragments for each probe, we can gain some insight into the relative amounts of as-3 or as-4 mRNA to the longer mRNA species.
A representative S1 nuclease analysis is shown in Fig. 3 RNA-DNA hybrids were treated with S1 nuclease as described by Bray et al. (13) . The single-stranded a,-1 probe is 412 bases of a. 
BamHI
Hind III that the ratio of either short form, a,-3 or a,-4, to long forms is essentially the same for normal individuals and PHP subjects. Whatever the genetic lesion is in PHP type Ia, it appears to decrease all species of Gs a mRNA without causing a major change in the amount of either short form relative to the long forms.
We have attempted to find physical changes in the Gs a gene itself by restriction analysis ofgenomic DNA taken from PHP subjects and normal volunteers. We have used six enzymes and primarily two probes: a 413-bp fragment from near the 5' end of human Gs a cDNA (5' probe) and an 869-bp fragment of cDNA that includes the 3' coding portion of the gene (3' probe) (13) . Fig. 4 illustrates the rather simple restriction patterns obtained with several enzymes tested. Each probe hybridizes to a small number offragments in each digest. Furthermore, both probes hybridize to few fragments of the same size. So far, we have been unable to detect any differences in restriction pattern among normal individuals and subjects with PHP type Ia.
DISCUSSION
The observation that the steady-state content of Gs a mRNA in fibroblasts from six subjects with PHP Ia is lower than normal is consistent with reports of reduced Gs a protein detected by ADP-ribosylation (9, 11, 15) We are grateful to J. Robishaw and A. Gilman for providing the bovine G,-a probe, to B. Paterson for providing the actin probe, to L. Weinstein for obtaining patient samples, and to J. Glass for typing the manuscript.
